of urea nitrogen of the malarial patients is the answer to the renal function failure or the presence of another factor outside the kidney. There are very few detailed articles concerning the pathology and change in the renal function of malaria patients. Sowunmi et al found that all falciparum malaria patients with high parasite index had serim ureum and creatinine above normal. 3 From several studies, it was said that the high density of Plasmodium falciparum parasites brings about the high incidence of renal function failure in non-immune individuals and there is a positive correlation between the high parasite index and the failure of renal function. 4 According to Ahmad et al, renal function in children with acute malaria is associated with species and parasites index, but a negative correlation was detected between parasite index and clearance of endogenous creatinine. 5 This study was conducted to figure out how far the P.falciparum parasite index in children could influence renal function by measuring serum ureum, creatinine, and glomerular filtration rate (GFR). M alaria is a disease caused by parasites, which has so far been an important social health problem in developing countries, including Indonesia. 1 Falciparum malaria is an acute systemic disease which can cause changes of various body organs. The high density of parasites in blood in general is associated with pathological abnormalities in various organs including kidney. 2 It is not clear whether the increase Association between Plasmodium falciparum parasite index and renal function in children
Methods
This was an analytic prospective study, conducted at the Department of Child Health, Manado Central General Hospital, from November 2001 to February 2002. Subjects consisted of all children aged >1 month until 13 years with a diagnosis of falciparum malaria based on the detection of Plasmodium falciparum on blood smear or thick blood film and were grouped by sex and age. A detailed history was taken in each patient. This was followed by a thorough physical examination. Body length was measured in all patients. Serum ureum and creatinine were examined soon after diagnosis, before treatment was started, and then the GFR was calculated. Those with dehydration accompanied with clinical symptoms, hypovolemia/shock, a history of significant renal diseases, or a presence of urolithiasis were excluded from the study. Levels of serum ureum based on age were grouped as normal and increased according to Hammond. 6 Serum creatinine levels based on age were grouped as normal and increased according to Alatas. 7 Glomerular filtration rate (GFR) was calculated based on the formula : GFR = (k X L)/Pkr, where L was the body length in cm, Pkr was the serum plasma/creatinine (mg/dl), and k was a constant which differs in various child ages (neonate up to 1 year: k= 0.45; children up to the age of 13 years: k=0.55). GFR based on age were grouped as normal and decreased according to Alatas. 7 P.falciparum parasite index was classified into two groups based on WHO 8 which was modified into: low parasitemia if >100 P.falciparum were found in 100 microscope fields of vision, and high parasitemia if >1 P.falciparum were found in each microscope field of vision.
Data were analyzed statistically using chi-square and student t-test with a value of p < 0.05 considered as significant.
Results
There were 22 males and 12 females, 23 of them had low parasitemia and 11 had high parasitemia. No significant association was found between sex and P.falciparum parasite index as indicated in Table 1 . Out of the 34 patients, 19 showed increased serum ureum level consisting of 10 with high parasitemia and 9 with low parasitemia ( Table 2 ). There was a significant association between parasite index and a raise in serum ureum with p=0.004. Serum creatinine increased in 8 patients, 2 in those with high parasitemia and 6 with low parasitemia. No significant association was found between P.falciparum parasite index and the increase in serum creatinine as indicated in Table 3 . GFR was decreased in 1 patient with low parasitemia and 1 with high parasitemia. As indicated in Table 4 , there was no significant association between P.falciparum parasite index and GFR. The mean value of GFR in patients with high parasitemia and in those with low parasitemia were not significantly different (p=0.341), that was also the same with the mean of creatinine level, as presented in Table 5 .
loss of fluid and dehydration, can obstruct renal perfusion, so that renal hypoxia occurs with the consequence of the occurrence of acute tubular necrosis. This, along with changes in glomerulus caused by immune-complex, constitute as important factors for the occurrence of acute renal failure in individuals who were not immune. There was a positive correlation between parasite index and failure of renal function. 4, 13 The increase in ureum and creatinine levels in falciparum malaria were usually caused by pre renal factors. 14 Harinasuta and Dunnag stated that 50 % of patients with severe falciparum malaria showed a raise in ureum and creatinine levels which was usually due to the pre renal factors. Only 3-5 % was caused by renal factors, which could be either acute tubular necrosis or acute glomerulonephritis. 14, 15 Renal disturbances were presumed to be caused by the presence of anoxia because of capillary obstruction which result in the lowering of glomerulus filtration. Clinically, a phase of oligouria or polyuria may occur. 16 In small children and infants the condition of oligouria is very rare, but the presence of an increase in ureum level often occurs early resulting from dehydration and ureum level will be normal if rehydration is conducted. Dehydration could happen because of vomitting or sweating. 17 Pre renal azotemia occurs secondary to a decrease in blood volume as a result of water and/or salt depletion in a number of cases or an increase in protein catabolism associated with pyrexia, or a combination of these factors. 18 In this study a significant association was found between Plasmodium falciparum parasite index and the increase in serum ureum level (p<0.05). In accordance with the references as have been mentioned above, the increase in serum ureum in this study appeared early, namely a moment after the diagnosis. This might be caused by pre renal factors, where in general, a child who has malaria will have high fever accompanied with vomitting. 17 In this study, we found 27 out of 34 children with prolonged fever (>5 days) and 28 had vomitting.
In this study, no significant association was found between P.falciparum parasite index and the increase in serum creatinine level (p>0.05). This was consistent with the study conducted by Ahmad et al, who found a negative correlation between parasite index and endogen creatinine clearance. 5 
Discussion
So far a lot of reports had been published concerning malaria in Indonesia and various methods of its elimination. A great part of Java and Bali have been free from the transmission of malaria, whereas the morbidity in North Sulawesi in 1997 was still 25.33 %. 9 Tropical malaria which is caused by Plasmodium falciparum is a systemic disease which can lead to complex pathophysiological changes and involves many organs. The underlying mechanism causing these pathophysiological changes has not been fully elucidated. It has been suggested that disturbances in the renal microcirculation are responsible for acute renal failure. 10, 11 Acute infection of Plasmodium falciparum causes abnormality on the membrana basalis and mesangial of the kidney. Using fluorescence antibody technique, malaria antigens are detected, which cause the formation of immune complex with the consequence of the occurrence of uremia, oligouria, and proteinuria, 2, 12 The knowledge of renal function is still poor compared with that of anemia and cerebral complication in patients with malaria. The pre renal factors i.e., the increase of body temperature which causes a
The GFR value and mean GFR in this study did not indicate a significant association with the parasite index of Plasmodium falciparum. This was consistent with the increase in serum creatinine which was statistically insignificant. As indicated by Kim et al, the increase of creatinine level above 2 SD only indicated the presence of failure in renal function. 19 According to Alatas, the best way to get the real GFR was by creatinine clearance value. 7 The limitation of this study was that the number of patients was low. According to the WHO, there was a association between parasite index and severity of the disease as well as renal function failure, in which serum creatinine would increase since the appearance of the first symptom. 4, 13, 16 . It needs further study to evaluate the association between renal function and P.falciparum parasite index in children with more number of patients.
In conclusion, there was a significant association between P. falciparum parasite index and serum ureum level. However, there was no significant association between parasite index with serum creatinine and GFR. Further investigation is needed in Indonesia with more number of patients.
